Many individuals and organizations have started to consume cloud services in their daily work because of many advantages, such as unlimited resources, flexibility, low-cost and especially the pay-as-you-go model. In this new context, Cloud computing is expected to play a significant role in providing QoS to a new services such as Smart Cities. This paper presents a new context aware framework based on cloud computing to offer converged infrastructure and shared services. Our solution improves efficiency, reduce cost and raise environmental awareness when building adapted city services such as healthcare, traffic, police and municipal operations.
Introduction
Smartness of a city is driven and enabled technologically by the emergent Internet of Things (IoT) 1 -a radical evolution of the current Internet into a ubiquitous network of interconnected objects that gather information from the environments (sensing) and interacts with the physical world.
The applications within the urban environment that can benefit from a smart city IoT capability can be grouped on three main fields: citizens (health and wellbeing); transport (mobility, productivity, pollution); and services (critical community services).
In order to integrate the ubiquitous urban sensing and the smart city applications, as well as to realize the full potential of Cloud computing, a combined framework with Cloud at the center is proposed in this paper.
As the context helps us to understand the living environment of a citizen at any time, our solution needs to be of course context-aware.
The remainder of this paper is organized as follows: Section 2 presents CAMELO, our context-aware Cloud Computing framework. In section 3, our context processing method is described. Finally, section 4 present simulation results through a user case.
Context-Aware Framework for smart cities
In this section, we will present our Context-Aware framework named CAMELO. The motivation behind introducing this framework is to develop a roadmap for the development of smart cities context aware applications. The framework attempts to establish the what, why, how and who characteristics of the relevant artefacts and associated components or procedures.
As shown in figure 1, context-aware database, access network operating system, cloud manager and smart city applications are the main framework modules. They contain algorithms that have to be executed to offers enhanced services to city users. The system must also interact with the cloud to gather knowledge about the cloud, especially about the server location, fees charged by the cloud operators, the networks coverage, the quality of service, and so on. These data are stored in the Context-aware database. Some others knowledge like delays, server's availability, bandwidth fluctuation would be found out in real-time.
Cloud Manager Modules
The system modules must comply with the user demand in term of security and privacy.
-Offloading: This is a solution to augment these mobile systems' capabilities by migrating computation to more resourceful computers (i.e., servers). This is different from the traditional client-server architecture, where a thin client always migrates computation to a server. Offloading involves making a decision regarding whether and what computation to migrate. However, this usually depends on many parameters such as the network bandwidths and the amounts of data exchanged through the networks. Many algorithms have been proposed to make offloading decisions to improve performance or save energy [2] [3] [4] [5] [6] . The decisions are usually made by analyzing parameters including bandwidths, server speeds, available memory, server loads, and the amounts of data exchanged between servers and mobile systems. esource management must take into account not only the radio resource for wireless access, but also the computing resource for data processing 7 . Wireless networks are characterized by low-bandwidth, intermittent, and less-reliable transmission grounds compared with the wired networks. Establishing and maintaining seamless sessions between nomadic cloud users (leveraging cloud computation or storage) and other entities (e.g. smartphones and clouds) in a wireless medium composed of heterogeneous network technologies are critical issues to fully unleash the power of MCC. The intermittent connectivity causes several challenges such as dismissal of always on connectivity, excessive consumption of limited mobile resources, and disproportionate delaying of application execution that sharply degrade quality of computing services.
-Storage:
The authors of 8 highlight how the cities of the future will need to collect data form a lot of urban 
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sensors, such as smart water, electric meters, GPS devices, building sensors, weather sensors, and so on.
-Context Manager:
In rapidly changing scenarios, such as urban environment, systems have to adapt their behavior based on the current conditions and the dynamicity of the environment they are immersed in. A system is context-aware if it can extract, interpret and use context information and adapt its functionality to the current context of use. The challenge for such systems lies in the complexity of capturing, representing and processing contextual data.
Our architecture enables the end-to-end development and deployment of context-awareness by providing tools for collection of contextual information on mobile devices, tools for communication with heterogeneous wireless access networks, an infrastructure for hosting the data storage and processing, and an open and scalable environment where not only applications but also services derived by interacting with objects can be shared and traded.
-Billing: Similar to classical functionalities present on IT providers.
Virtual Network operating system
A network operating system is is the key supporting piece for the control logic (applications) to generate the network configuration based on the policies defined by the network operator. The lowest layer of the NOS consists of "plug-ins" or "drivers" that enable the NOS controller to interface with various network technologies or tools.
Smart cities applications
The user of a cloud service has access to the service through a Web interface or via an API. Once started, the cloud service application acts as if it is a normal desktop application.
Context Processing
Note that each cloud module implements a number of algorithms to be executed depending on the current context. The idea is inspired by the work in 9 . When subscribing to the smart city application, a user specifies the min values of the normalized QoS indicators that he can tolerate. Let I= {I1,I2,…Im} be the list of Quality of context (QoC) indicators considered in the context data base and collected from the system. An example of I={battery status, bandwidth, PER, security level, Tolerated Delay, CPU, Memory}. The minimum QoS requirements that the context consumer u tolerates for a given algorithm A j ,are expressed by the following vector:
(1) u(A j )= {min 1,j , min 2,j , …, min m,j } with 0<= min i,j <=1, with 1<=j<=C and C the number of implemented algorithms in the cloud manager and m is the cardinality of I.
The goal of the context manager is to find for each module, the suitable algorithm to be executed in each box in the framework that can satisfy the minimum quality requirements of the context consumer. For example the resource manager will use different routing metrics for path selection according to consumer application's requirements.
The context manager defines the QoC offered by the cloud modules by the following vector:
A cloud algorithm is suitable for a consumer if the following condition is satisfied:
for 1<=i<=m and 1<=j<=C
Simulation results
We will present in this section, how an intelligent wireless networks selection for cloud access can be implemented based on the presented CAMELO framework. We choose to base our decision algorithm A 1 on 4 Quality of context indicators i.e. m=4: 1. I 1 =Security level: three levels of security are considered; high, medium or low I 1 Є{1,2,3}. 2. I 2 =Low delay: end-to-end delay on the wireless access link 3. I 3 =Power consumption: to meet nowadays requirements for green networks, we choose the access network with less power consumption.
I 4 =Maximize link Capacity:
The capacity is a multi-criteria parameter that reflects the level of interference on the link and the available bandwidth. The capacity can be estimated by the Shannon formula as:
Where w is the amount of spectrum available, and γ is the received signal-to-interference plus-noise ratio (SINR).
Some simulations were conducted under NS-2. In our design, we have considered the availability of the wireless network depends on the received signal strength. LTE and Wimax are taken as examples because of the relevant role in reaching the goal of realizing a full-service network all over urban and suburban area. Using equations 2-6, we get the relative scores of each matrix QS(u i ) and QC. An example for QoS settings for three users u 1 , u 2 u 3 is presented in Table 2 . We compare the performance of our proposed CAMELO with another classical vertical handoff algorithm 10 that we name Ref (without context aware processing).
Selecting the best access network can satisfy user requirements anywhere and anytime in a flexible (using policies) and efficient (advanced decision mechanisms) manner. Thus, it should prepare the control mechanism (i.e. handover execution phase) and participate to provide performance optimization such as a seamless handover (Figure 2 ). 
Conclusion
In this paper, a context-aware cloud computing framework architecture for smart cities is presented. We started by explaining our framework « CAMELO ». The context processing mechanism is the detailed trough a case study of best access network connexion selection. User QoS requirements are compared to network quality of context to better fulfill applications' needs. Future works will concern the choice of adequate algorithm for offloading in the CAMELO architecture.
